With the chiral quark model, we have calculated the axial charges of the pentaquark states with (I, I 3 ) = ( 
I. INTRODUCTION
The LHCb Collaboration observed two hidden-charm pentaquark states, P c (4380) and P c (4450), in the Λ 0 b → J/ψpK − process last year [1] . The mass and width of the lower state are 4380 ± 8 ± 29 and 205 ± 18 ± 86 MeV, respectively, and its quantum number is probably J P =
2
− . The mass and width of the higher state are 4449.8 ± 1.7 ± 2.5 and 39 ± 5 ± 19 MeV, respectively, and its quantum number is probably J P =
+ .
Before the discovery of the two P c states, there existed extensive theoretical investigations of the possible hidden-charm pentaquark states [2] [3] [4] [5] . Up to now, the possible interpretations of these two hidden-charm pentaquark states include the hiddencharm molecular pentaquarks composed of an anticharmed meson and a charmed baryon [2, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , the dynamically generated states [3, 4, [18] [19] [20] [21] , the compact pentaquark states [5, 13, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , and even a soliton [36] . Especially the higher state was suggested as a p-wave excitation of the broad s-wave state around 4450 MeV [9, 37, 38] . The P c (4450) state was also speculated to arise from the nonresonant signals from either the threshold effects or the triangle singularity [39] [40] [41] [42] [43] [44] [45] . An extensive review of the hidden-charm pentaquark states can be found in Ref. [38] . Recently, the LHCb Collaboration confirmed these two P c states in the Λ 0 b → J/ψpπ − process in Ref. [46] , but once again the possibility that the narrow state would be due to a triangle singularity was raised in Ref. [45] . A revision of Refs. [39, 40, 45] has been done in Ref. [47] , where it is shown that if the quantum numbers of this state are those preferred by the experiment, the triangle mechanism requires χ c1 p → J/ψp scattering with χ c1 p in P or D waves at threshold and the triangle diagram cannot explain the present peak.
All the above models lead to a fairly good description of the spectrum and decay behavior of these two hidden-charm pentaquarks. To probe the underlying structures of these states, Wang et al. [13] calculated their magnetic moments with J P = applied to study the exotic states. Some possible molecular states are predicted in Ref. [59] using the chiral SU(3) quark model. In Refs. [16, 17] , the chiral quark model was used to calculate the mass spectrum and decay width of the molecular pentaquark states. In this work, we calculate the axial charges of the pentaquark states. This work is organized as follows. In Sec. II, we construct the spin-flavor wave functions of the P c states under the SU(2) flavor symmetry. In Sec. III, we use the chiral quark model to derive the axial charges of the pentaquark states. In Sec. IV, we study the transition coupling for the P ′ c P c π interaction where P ′ c and P c are different. We illustrate why the numerical values of the axial charges of the P c states are generally smaller than that of the proton in Sec. V. We give a summary in Sec. VI. We also present the SU(3) invariant strong interaction Lagrangians of the P c state and pseudoscalar mesons in the Appendix.
II. THE SPIN-FLAVOR WAVE FUNCTIONS OF THE P c STATES
With the SU(2) flavor symmetry, we construct the wave functions of the P c states as in Ref. [13] . There are five quarks, ccq 1 q 2 q 3 , in the P c states. In the molecular, diquark-diquark-antiquark and diquark-triquark model, the q 2 q 3 forms a quasibound diquark when they are in the antisymmetric3 c color representation. The space wave function of the diquark is symmetric. In the flavor space, q 1 q 2 q 3 may form the flavor representations
When the diquark q 2 q 3 is in the antisymmetric 1 f representation, its isospin and spin are both 0 due to the fermi statistic, while the spin and isospin are both 1 when the diquark is in the symmetric 3 f representation. The isospin of the three light quarks in the 2 1 f or 2 2 f representation is Table I . We can obtain the flavor wave functions of the P c states by adding the heavy quark c and antiquarkc into the flavor wave functions of the three light quarks according to the structures (Qq 1 )(Qq 2 q 3 ), (Qq 1 )(Qq 2 q 3 ), and (Qq 1 )(q 2 q 3 )Q in the molecular model, the diquark-triquark model and the diquark-diquark-antiquark model, respectively. 
) 
where J J ′ . W denotes the product of all the Clebsch-Gordan coefficients. O 123 is the spin operator. Its expression is given in Eqs. (12)- (15) . The other notations are the same as those in Eq. (10) . P c (lm) is the space wave function of the P c state with the orbital quantum number (l, m). In the last line, we have used the heavy quark symmetry. TheD andD * , Σ c and Σ * c form the doublets respectively. Their space wave functions are the same only if the P c states have the same (l, m) in the heavy quark limit. Their space wave functions with different (l, m) are orthogonal to each other. In the transition process, the space overlapping amplitude does not depend on m. For example, in the molecular model, the s-wave P c states composed of
c with the same isospin belong to one multiplet. Their space wave functions are the same. After exchanging the heavy quark and antiquark in Eq. (11), we obtain the equations for the diquark-triquark and diquark-diquark-antiquark states. For the pentaquark states with the other isospin factors, the O 123 is different due to the different flavor wave functions in Eq. (11) . For the P c state in the 2 1 f representation with (I,
For the P c state in the 2 2 f representation with (I,
For the P c state in the 4 f representation with (I,
,
In Tables II, IV , and V, we list the results for the P c states in the 2 2 f flavor representation with (I,
2 ) in the molecular scheme. We can also obtain the analytical expressions for the states with the quantum numbers in the other two models through exchanging c andc in Eq. (11) . We note that the pionic interactions only exist between the light quarks and do not depend on the heavy quark and the antiquark. If the corresponding states in the three different models have the same inner angular quantum numbers such as s 23 , s t , etc., their axial charges are the same. For instance, in Table II, 
. All these three states lead to the same axial charge. Similarly, the other results in Table II can also be interpreted as the axial charges of the corresponding states in the other two models.
When the P c states are in the 2 1 f flavor representation, the molecular pentaquark states are composed ofD ( * ) Λ c . However, there does not exist the pionic interaction betweenD ( * ) and Λ c in theD ( * ) Λ c system. Thus, we list the results for the pentaquark states in the diquark-triquark scheme in Table III . If we decompose the 1 2 − triquark in the third column into
, we obtain the axial charges in the diquark-diquark-antiquark scheme.
C. The axial charge of a P c state at the hadron level
For the P c states with the isospin 1 2 , the P c P c π Lagrangians at the hadron level are
where P c , P cν , and P ± pentaquark states, respectively. g P 1 (3, 5) are the coupling coefficients.
Σ z 2 is the spin operator of the P c states.
For the P c state with (I,
where the superscripts represent the total spin and its third component, respectively. When the P c states are in the 2 2 f and 2 1 f representations, we list the P c P c π 0 coupling constants in Tables II and III, 
IV. THE TRANSITION PIONIC COUPLING FOR THE
In this section, we study the transition pionic couplings between two different pentaquark states when they have the same parity. For the process P
Lagrangian is the same as that in Eq. (16) . In the third column, we denote the angular momentum coupling according to meson ⊗ baryon ⊗ orbital excitation. We also list the constituent meson and baryon in the parentheses.
0.68 0.36
0.34
0.14 0.22 
). In the third column, we use cq 1 ⊗ (c(q 2 q 3 ) 0 )⊗ orbital excitation to denote the angular momentum configurations. 0.42
0.25
0.17
0.19 In Table IV, The Lagrangians for P
where g 23 2 ), we have
We collect the numerical results in Table V . Several coupling constants vanish due to the same mechanism as in Table IV . When the pentaquark states have different J, the numerical results for P ′ c P c π 0 are lager than those when they have the same J P but different configurations. ). The P ′ c and P c states have the same J P quantum numbers but different configurations. The superscripts denote the total angular momentum and its third component. 
0.07
0.10 ). The P ′ c and P c have different J P quantum numbers. The superscripts denote the total angular momentum and its third component. 0.39 
V. THE SUPPRESSION OF THE AXIAL CHARGES OF SOME HIDDEN-CHARM PENTAQUARK STATES
We notice that the axial charges of the hidden-charm pentaquarks are generally smaller than the axial charge of the proton. For comparison, let us take the proton as an example. The color wave function of the three quarks within the proton are antisymmetric. The spin and flavor wave functions of the three light quarks are totally symmetric, which may ensure the contribution to the axial charge from three quarks and different components in the spin and flavor wave functions are constructive. In contrast, the spin and the flavor wave functions of q 1 and q 2 q 3 are not totally symmetric. The interference between the contributions from different components may lead to a small axial charge. In the following, we pick out the component in the spin and flavor functions of the P c states where the three quarks form a color singlet s-wave octet or decuplet baryon. Then we calculate their axial charges and compare with those of the usual P c states.
We first decompose the molecular P c states as follows:
( ). In the SU(3) flavor symmetry limit, these pentaquark states belong to the 8 f flavor representation. More details can be seen in Ref. [13] . The SU(3) invariant Lagrangian at the hadron level reads 
where g and f are two independent couplings, and 
where the notation (I, I 3 , S ) represents the isospin, the third component of the isospin, and the strange number of the P c states, respectively. After expansion, we have 
An overall factor 1/ f π is omitted. Using the two independent pionic couplings of the P c states, we obtain g and f . Then, all the other couplings can be obtained . For the states in the 10 f flavor representation, the Lagrangian is 
There exists one independent coupling constant.
